First, to determine the prevalence of measles non-immunity in a group of health care workers (HCW), and secondly, to investigate what pre-employment screening for measles is carried out by NHS occupational health departments.
Introduction
This study determines the prevalence of measles susceptibility in a population of UK health care workers and examines NHS occupational health department policies on measles immunity for staff. It also determines the reliability of vaccination history or history of infection from subjects to identify susceptible individuals.
The incidence of measles has fallen in England and Wales since the introduction of the combined measles, mumps and rubella (MMR) vaccination in 1988 and the campaign to immunize all 5-to 16-year-olds against measles and rubella in November 1994 [1] . It is now a rare disease.
However, recent concerns about an unsubstantiated association between the MMR vaccine and autism [2] , have led to a fall in immunization rates [3] , so that by the age of 2, 88% have received one dose and by age 5, only 77% of children have received two doses of MMR [4] . Outbreaks of measles have already been reported in groups with low immunization rates [5] .
In countries close to achieving measles elimination, health care workers have been shown to be at greater risk of communicable diseases compared with the general population [6] , with one study indicating an 18.6-fold risk [7] . Reports of hospital outbreaks of measles indicate that nosocomial spread to staff is more common for those with patient contact, but is not confined solely to this group [6] .
Surveys outside the UK indicate that between 1.7 and 10.3% of health care workers are not immune to measles [8] [9] [10] [11] . There are no comparable data available in the UK, although seroprevalence data from serum samples collected in 1991 estimated that~5% of all adults aged 20-39 years were susceptible to measles [12] .
With the predicted increase in measles infections resulting from falling MMR vaccination rates [4] , it is important for all non-immune health care workers to be identified and offered immunization. There is a need to protect them, their non-immune patients and family members with whom they have contact. This would also prevent costly emergency infection control measures.
There are no guidelines for the immunization of health care workers in the UK. In the USA, the revised Advisory Committee on Immunization Practices (ACIP) guidelines [13] recommend active immunization of health care workers against hepatitis B, influenza, chickenpox, measles, mumps and rubella. For measles, documentation of immunity is required (defined as two doses of vaccine, laboratory evidence of measles infection or vaccine-induced immunity, or documentation of physician-diagnosed infection) for all persons born during or after 1957, not just new employees or those with direct patient contact. The World Health Organization (WHO) states that 'in some settings, medical personnel have been the source of measles spread. Policies requiring immunization or proof of immunization may need to be implemented' [14] .
The Association of National Health Occupational Physicians Society (ANHOPS) and the Department of Health are developing guidelines for NHS health care workers.
This study was carried out following the case of a non-immune health care worker who contracted measles from an inpatient [15] .
Methods

Oral fluid testing
Health care workers were screened for measles IgG by oral fluid (saliva) testing using antibody-capture radioimmunoassay [16] . Oral fluid testing was chosen because it is a non-invasive procedure and was expected to result in a high rate of compliance amongst study subjects. The sensitivity and specificity of the assay in comparison with serum IgG determined by enzyme-linked immunosorbent assay (ELISA) are 96.4 and 78.6% (Frerichs and Brown, unpublished observations). Negative oral fluid results were investigated by testing a serum sample by ELISA (Diamedix Measles IgG; Miami, FL). Stored serum samples from those with a positive measles IgG oral fluid result were tested for measles IgG to identify false-positive oral fluid results. Oral fluid testing was carried out at the Central Public Health Laboratory, Colindale, London and serum testing at Cambridge Public Health Laboratory.
Study population
All health care workers (n = 528) on 11 general medical wards at Addenbrooke's Hospital were invited to participate in the study, which was conducted between April and July 1998. A leaflet explaining the reason for testing measles immunity, a short questionnaire recording occupation, age and history of measles infection and immunization, together with an oral fluid sample kit (with instructions) were distributed to the wards. No reminder letters were sent.
All participants were informed of their results by letter. Those with a negative measles IgG saliva result were asked to provide a serum sample (or consent to the testing of a stored sample) to confirm non-immune status prior to being offered immunization. The sera (from stored specimens) from a random sample of those with a positive oral fluid result were analysed to identify false-positive results.
ANHOPS survey
A postal questionnaire was sent to ANHOPS members (n = 200) asking about screening of health care workers for measles immunity at pre-employment screening and action for those found to be non-immune. No reminder letters were sent.
Results
A total of 218 (41%) (age range 19-60 years) of the 528 staff who worked on the 11 wards answered the questionnaire and produced an oral fluid sample.
The breakdown of participants by age and occupation are shown in Tables 1 and 2. Of the 218 staff, 176 (81%) had a positive measles IgG oral fluid result (Table 3) . Of these, only 11 had stored serum samples, all of which indicated immunity for measles.
Forty-two individuals (19%) had a negative measles IgG oral fluid result, of which 5 (12%) were lost to follow-up. Of the 37 who had confirmatory serum measles IgG analysis, only seven (17%) had a negative serum result and were classified as measles non-immune, giving a prevalence of 3.3% non-immune health care workers. Six out of the seven non-immune health care workers were aged between 20 and 39 years.
Questionnaire results shown in Table 4 indicate that a large proportion of health care workers do not know whether they have had measles (23%) or measles immunization (35%).
Stored serum was identified for 41 health care workers with positive oral fluid results. All confirmed measles immunity.
A total of 84 (42%) ANHOPS members replied from 80 NHS occupational health departments. Twenty-five (31%) occupational health departments inquired about measles immunity at the pre-employment stage and of these, 20 (80%) relied on history alone. Where there was no evidence of immunity, five (20%) offered immunization, four (16%) asked the general practitioner to immunize and for 16 (64%) there was no further action.
Of the five NHS departments that did not rely on history, all checked serum measles antibodies. Only one NHS department checked measles antibodies in all staff with patient contact.
Discussion
A recent case of measles in a health care worker and the current falling uptake of MMR immunization in children, have led us to evaluate measles immunity in a group of UK hospital staff. Our figure of 7 out of 213 (3.3%) non-immune staff is similar to other work outside the UK [8] [9] [10] [11] . Although the numbers were too small for statistical comparison, we found a tendency for nonimmune health care workers to be young, which may reflect the low uptake of vaccine amongst this group and low exposure to measles. This has been observed in other studies [11, 17] . Seroprevalence data for this age group [12] and the current age distribution of confirmed cases of measles support these observations. Of the total 487 confirmed cases in England and Wales identified between 1995 and 1999, 119 were aged 20-34 years (Mary Ramsay, CDSC, personal communication). There were six clusters of cases in hospitals (including the Cambridge cluster), of which three had cases in health care workers (Mary Ramsay, CDSC, personal communication).
We used oral fluid testing as a convenient non-invasive method to determine non-immunity to measles. The sensitivity and specificity of oral fluid testing is lower than that for corresponding serum tests. We found 30 of 37 measles IgG oral fluid negative subjects to be measles IgG positive in serum. Although oral fluid testing has a lower sensitivity and specificity than serum tests, it has practical advantages compared with serum testing which make it a useful approach to population studies. Improvement of oral fluid testing for measles IgG is required, however, before it can be used to confirm immune status in individuals. Despite the convenience of oral fluid testing, our rate of compliance was low (41%). Those who already knew their immune status to be positive may not have participated, resulting in an over-estimate in the prevalence of measles non-immunity. The age and occupation of our participants was similar to that of the total staff population with patient contact. There has been debate over the use of history of measles disease or vaccination to identify non-immune individuals. Ferson et al. [8] found a positive correlation when using history to identify immune individuals. However, we found 23 and 35% of individuals did not know whether they had either had measles or received immunization, respectively. If this history was used to identify non-immune health care workers, then five out of the seven (86%) non-immune individuals in this study would have been classified as immune, making this an unreliable method. This conclusion is supported by both Neumann et al. [18] and Stover et al. [10] .
The cost of mass immunization (of those with no documentary evidence of measles immunity) versus screening and selective immunization depends on the prevalence of non-immunity, the cost of the screening test and the cost of the vaccine. With our low prevalence of non-immunity, approximate costs of £4.30 for serum testing, £10 for oral fluid testing and £10.84 for MMR vaccination, it is cheaper to screen sera followed by selective immunization.
Non-immune health care workers are best identified by laboratory methods. In this study, there was a large number of false negative oral fluid results, which is likely to reflect inadequate oral fluid samples and the lower sensitivity of this test. We were not able to identify the number of false-positive saliva results, but oral fluid assays are reported to be >90% specific and sensitive for the detection of measles IgM and are widely used to study notified cases [19] .
Many health care workers provide serum for postvaccination and pre-employment hepatitis B antibody testing. Our recommendation is that it would be appropriate to check for measles (as well as rubella virus and varicella zoster virus) antibodies at the same time in those who cannot provide documentary evidence of immunity. For those health care workers who do not require hepatitis B immunization, immunity should be checked in staff with clinical contact when they first enter the health service.
ANHOPS members were chosen as a representative sample of trusts throughout the UK. This survey of NHS occupational health departments highlights the different approaches to the immunization of health care workers. Less than a third inquire about measles immunity and of these, 80% rely on history, which we have shown to be unreliable. Our response rate of 42% was low, but it may be that trusts with under-developed systems for identifying measles non-immune individuals will not have responded, leading to an even larger number who do not enquire about measles immunity. Guidelines are needed to ensure uniform standards throughout NHS Trusts and with evidence that only a small proportion of hospitals in the USA follow the ACIP guidelines [6, 7, 10] , it is essential for there to be awareness of any UK guidelines.
